We have identified a phospholipase D gene (pld) fragment from a transformant generated by restriction enzyme-mediated integration in Coprinellus congregatus, which is a mushroom-forming basidiomycete. A fragment of pld of this fungus has been cloned from a transformant by gene tagging. The transformation vector has been inserted into pld and this has resulted in a decreased enzyme activity of the transformant compared with the wild strain. C. congregatus has seven chromosomes, the range of its genome size is 1.6^4.7 Mb and pld is located at chromosome 4 where the transformation vector has been inserted.
Introduction
Coprinellus congregatus is a mushroom-forming basidiomycete, and its development is very easily manipulated in lab conditions [1] . There are two or more laccase isozymes implicated in the mushroom development, and the cDNA of the acidic laccase gene (clac2) has been cloned [2] . Genetic transformation to phosphinothricin resistance has been carried out by restriction enzyme-mediated integration (REMI) in C. congregatus, and several mutants that showed di¡erent growing patterns have been reported [3] . Since the integration of transforming DNA mediated by the action of restriction enzymes has been described in yeast [4] , this method has been used as a genetic tool to generate mutations and tag genes involved in many di¡er-ent kinds of mutants. Most importantly, it can disrupt genes randomly by plasmid DNA insertion, and gene fragments related to the mutant characteristics can be cloned by plasmid rescue in Escherichia coli using restriction enzymes that have no recognition sites in the transforming plasmid.
The inserted plasmid (pBARGEM7-1) was retrieved from each transformant of C. congregatus, and the rescued host chromosomal DNA fragment was sequenced to identify what kind of gene(s) was disrupted. We have got a phospholipase D gene (pld) fragment that showed good homology with a yeast pld fragment. Phospholipase D (PLD) is reported from bacteria to human, and it has been implicated in numerous cellular functions in human cells [5] , meiotic regulation in Saccharomyces cerevisiae [6] and dimorphism in Candida albicans [7] . However, there is no report on PLDs in ¢lamentous fungi.
Pulsed-¢eld gel electrophoresis (PFGE) is widely used in the determination of electrophoretic karyotype analysis in several fungi [8, 9] . There are several kinds of PFGE, and clamped homogeneous electric ¢eld (CHEF) electrophoresis is a very good technique to separate chromosomes larger than several megabases, and to determine the sizes and the number of chromosomes in many organisms.
Here we report the strategy for cloning a phospholipase D gene fragment in C. congregatus tagged by the REMI method, and the PLD enzyme activities of the wild-type monokaryon and mutants generated during the transformation by REMI. We have also determined the localiza-tion of pld in the separated chromosomes by PFGE of this fungus.
Materials and methods

Fungal and bacterial strain
C. congregatus monokaryon CL14 and its transformants (CL1407b, CL1430b; see [3] ) were used in this study. The E. coli strain DH5K was used for rescued plasmid cloning and subcloning of host gene fragments.
Isolation of gene fragments from transformants
Chromosomal DNA from CL1407b was isolated [2] and digested with the EcoRV restriction enzyme, which has no recognition site in plasmid pBARGEM7-1. The digested DNA fragments were separated on a 1% agarose gel, and DNAs longer than 4.5 kb were eluted from the gel. The DNA mixture was self-ligated and used for transformation of E. coli to ampicillin resistance. DNA sequences of gene fragments of the rescued plasmids were determined using the T7 promoter as the sequencing primer and compared with reported genes on the NCBI web site.
The rescued plasmids were digested with EcoRV and separated on a 1% agarose gel. DNAs were transferred to nylon membrane and hybridized with pBARGEM7-1 and pld probes (see below) in order to con¢rm that they really had the plasmid and the C. congregatus pld fragment. Southern hybridization with the pBARGEM7-1 probe was carried out in a hybridization bu¡er (5USSC, 1% blocking reagent (Roche), 0.1% N-lauroylsarcosine, 0.02% SDS) at 68 ‡C. The hybridized bands were detected using CDP-Star1 (Roche) as the chemiluminescent substrate of alkaline phosphatase. The membrane was washed with d-water, and with 0.2 M NaOH in 0.1% SDS at 37 ‡C for 30 min to remove the probe. It was washed with 2USSC brie£y, and hybridized with the pld probe (see below) under the same condition.
Con¢rmation of plasmid insertion in the phospholipase
D gene by PCR using pld-speci¢c primers Two primers were prepared according to the sequencing results as follows : primer 1 (forward primer), 5P-AT- TACTTCTGGAACATGTCC-3P and primer 2 (reverse primer), 5P-TGGCCGCCGCATAAGGAG-3P. The length of the polymerase chain reaction (PCR) product should be 98 bp when C. congregatus chromosomal DNA was used as the template. The primers were also used to generate a pld-speci¢c probe using the DIG DNA labeling kit. When the T7 promoter and primer 2 were used in PCR to con¢rm the plasmid insertion in the CL1407b mutant chromosome, the size of the ampli¢ed fragment should be 304 bp.
Determination of electrophoretic karyotype of C. congregatus by CHEF electrophoresis
Protoplasts were generated from CL14 and three transformants following the method of Leem et al. [3] , and suspended in 0.55 M sorbitol (0.1 M Tris, pH 8.0). It was mixed with the same volume of 2% low melting agarose and the whole block was treated with proteinase K (1 mg ml 31 : 10 mM Tris, pH 8.0, 0.5 M EDTA, 2% N-lauroylsarcosine) for 24 h at 50 ‡C. It was washed three times with EDTA (50 mM, pH 8.0) at 50 ‡C and kept in the same solution in a refrigerator.
In order to separate chromosomes under CHEF electrophoresis, 0.8% chromosomal grade agarose (Bio-Rad) was used and run in 1UTAE bu¡er at 14 ‡C. Separation consisted of three sequential steps as follows. Various parameters of block 1 were: ¢eld strength 1.5 V cm 31 , ramped switching interval 45^60 min, angle 105 ‡, running time 45 h. Parameters of block 2 were: ¢eld strength 2.0 V cm 31 , ramped switching interval 16.7^30 min, angle 120 ‡, running time 40 h. Parameters of block 3 were: ¢eld strength 3.0 V cm 31 , ramped switching interval 5 min, angle 100 ‡, running time 10 h. The CHEF gel was stained in ethidium bromide solution (1 Wg ml 31 ) for 30 min at room temperature and irradiated with 60 mJ UV in a UV cross-linker. The separated chromosomes were transferred to nylon membrane by capillary transfer for 72 h, and the membrane was washed in 0.5 M Tris bu¡er (pH 7.0) followed by 2USSC washing. In order to ¢x DNAs on the membrane, 120 mJ of UV was irradiated. Whole chromosomal DNAs were hybridized with pBARGEM7-1 and pld probes as above, but at 55 ‡C.
Assay of PLD activity
PLD activity was determined using 1-day-old mycelial pellets grown in YpSs liquid medium. They were ground in a mortar and pestle adding liquid N 2 , and suspended in lysis bu¡er (20 mM Tris pH 7.5, 150 mM NaCl, 10 mM EGTA, 2 mM EDTA, 10 Wg ml 31 leupeptin, 10 Wg ml 31 aprotinin, 10 Wg ml 31 phenylmethylsulfonyl £uoride) at 4 ‡C. Protein concentrations were analyzed by the Lowry method. The lysate (100 Wl) containing 100 Wg protein was mixed with 100 Wl of Amplex 0 Red Phospholipase D Assay Kit (Molecular Probes) at 37 ‡C for 30 min, and the £uorescence of the reaction product resoru¢n was excited at 560 nm and read at 590 nm.
Results
Tagging of the phospholipase D gene from
C. congregatus mutant generated by REMI Chromosomal DNA of CL1407b was digested with EcoRV and used to transform E. coli to tag a gene implicated in the mutation of this strain. Bacterial transformants were isolated by ampicillin resistance, and the rescued plasmids were puri¢ed and sequenced by the T7 promoter (Fig. 1A) . A DNA fragment showed good homology (62% identity and 83% similarity in 59 amino acids, and 45% identity and 58% similarity in 83 amino acids) with the phospholipase D gene of C. albicans when compared by Blast X program (Fig. 1B) . A pld-speci¢c probe was generated by PCR ( Fig. 2A) , and used for Southern analysis as follows. The rescued plasmids were separated after digestion with EcoRV (Fig. 3A) . When the rescued plasmids were hybridized with the pBARGEM7-1 and pld probes successively, they showed strong bands with both probes (Fig. 3B,C) . When the T7 primer and primer 2 were used to con¢rm the insertion of pBARGEM7-1 in the pld of CL1407b, the expected 304-bp product was ampli¢ed (Fig.  2B) . 
Karyotype analysis of CL14 and transformants by
CHEF electrophoresis, and plasmid and pld localization by Southern hybridization
Chromosomal DNAs in protoplasts (1^3U10 8 ml 31 of agar block) were separated by CHEF electrophoresis, and there were seven chromosomes ranging from 1.6 to 4.7 Mb (Fig. 4A) . When the chromosomal DNAs were hybridized with the pBARGEM7-1 probe, CL1407b showed one band while other transformants showed two or more bands (Fig. 4B) . In the next Southern hybridization by the pld probe of the same membrane, one band was localized at the same chromosome (No. 4) where the plasmid was detected (Fig. 4C) .
Assay of PLD and laccase activities in CL14 and transformants
PLD activities of CL14, CL1407b and CL1430b were determined from 1-day-old mycelial pellets (Fig. 5 , gray bar). CL1407b and CL1430b had about 8.5% and 53.3% that of CL14. Extracellular laccase activities of these strains were also analyzed in the culture supernatants of 3-day-old cultures. CL1407b showed no activity while CL1430b had about 18.2% that of CL14 (Fig. 5 , white bar). 
Discussion
Genetic transformation is an important tool in molecular biology, and REMI is very useful to generate many di¡erent kinds of mutations by the integration of transforming vectors [10] . We obtained many mutants showing di¡erent growing patterns and decreased laccase activity. Since one of the mutants (CL1407b) showed very slow growth [3] and almost no laccase activity (Fig. 5) , we tried to localize the plasmid insertion site by gene tagging, which resulted in the cloning of a phospholipase D gene fragment. We have reported the pld fragment to NCBI GenBank (accession number AY217087). The rescued plasmid had the T7 promoter and multiple cloning sequences of pBARGEM7-1 followed by the EcoRI sequence (Fig. 1A) , where the digested plasmid was integrated during transformation by REMI [3] . When, the chromosomal DNAs of several transformants (CL1403b, CL1407b and CL1430b) were digested with EcoRI and hybridized with the plasmid (pBARGEM7-1), however there were only higher molecular mass hybridized bands than the plasmid [3] . Therefore there was a REMI insertion at one plasmid end and a non-REMI (recombined) insertion at the other end when the linearized plasmid was introduced into the host chromosomes.
PLD has very diverse functions in many di¡erent organisms, but there is no report in ¢lamentous fungi yet. In S. cerevisiae, an open reading frame (ORF) encoding 1683 amino acids (SPO14) has been reported [6] , and PLD is implicated in membrane formation during meiosis [11] . A second PLD (PLD2) has been identi¢ed in rat [12] and human [13] . In C. albicans, a pld whose ORF encodes 1710 amino acids has also been reported [14] . We are trying to clone the genomic and cDNA of the phospholipase D gene now. Even though PLD functions have not yet been analyzed in C. congregatus, there is a high possibility that PLD is related in laccase regulation and/or growing patterns.
C. congregatus has seven chromosomes and their molecular mass range is 1.6^4.7 Mb. Schizophyllum commune has 11 chromosomes [15] , and Agaricus bisporus has at least 10 bands [9] . pld in C. congregatus is located in chromosome 4. Since C. congregatus has very few mutants so far, REMI is very helpful technique in the molecular biology of this fungus.
